Six male Sprague-Dawley rats were used to examine the long-term retention of an olfactory discrimination learning set. Rats were trained on 30 odor-unique, 5-trial discrimination problems, transferred to an olfactory discrimination reversal task, and then given a 6-week break in training. The rats demonstrated use of a learning set by performing significantly bettE3r than expected by chance on Trial 2 on both the olfactory discrimination problems and the olfactory discrimination reversal problems. Following the 6-week break in training, retention of learning set was tested using 20 new odor-unique discrimination problems. The rats again performed significantly better than expected by chance on Trial 2 in the retention test indicating they had retained the learning set.
Six male Sprague-Dawley rats were used to examine the long-term retention of an olfactory discrimination learning set. Rats were trained on 30 odor-unique, 5-trial discrimination problems, transferred to an olfactory discrimination reversal task, and then given a 6-week break in training. The rats demonstrated use of a learning set by performing significantly bettE3r than expected by chance on Trial 2 on both the olfactory discrimination problems and the olfactory discrimination reversal problems. Following the 6-week break in training, retention of learning set was tested using 20 new odor-unique discrimination problems. The rats again performed significantly better than expected by chance on Trial 2 in the retention test indicating they had retained the learning set.
Learning set was defined originally by Harlow (1949) as "learning how to learn effiCiently in a situation an animal frequently encounters" (p. 51). A learning set requires the establishment of an abstract rule that changes the animal's behavior from trial and error learning to learning based on hypothesis and insight (Harlow, 1949) . Learning set has also been described as involving the use of a "win-stay/lose-shift" hypothesis (Levine, 1965) ; that is , when a subject performs a two-choice discrimination problem and chooses correctly on Trial 1 ("wins"), it is reinforced and learns to "stay" with the object that is associated with that reinforcement on Trial 2 as well as on the remaining trials. However, if the animal chooses incorrectly on Trial 1 ("loses"), it learns that it should "shift" to the other object on Trial 2 in order to be reinforced. Thus, the subject must learn from Trial 1 which object is associated with reinforcement and must use this information to gain reinforcement on the remaining trials. While it may be argued that the best evidence for object quality learning set formation is better than chance performance on Trial 2, (e .g., Thomas, 1989) , widely used indicators of learning set are (a) increased efficiency in learning new discrimination problems or (b) increased efficiency in learning reversals of the same discrimination problem. For a discussion of Correspondence may be sent to Aileen M. Bailey, Department of Psychology, 18952 E. Fisher Road, St. Mary's City, MD 20686-3001. (E-mail: ambailey@smcm.edu). the relationship between object quality learning set and reversal learning , see Mackintosh (1974, especially pp . 613-614) .
Acquisition of learning set has been extensively investigated in a variety of vertebrates including primates (Harlow, 1949; Hayes, Thompson , & Hayes, 1953; Miles, 1957; Schrier, 1974; Schusterman , 1962; Warren, 1966) , cats (Doty, Jones, & Doty, 1967; Warren & Baron, 1956) , mink (Doty et aI., 1967) , skunks (Doty et aI., 1967) , birds (Hunter & Kamil, 1971 ; Kamil & Hunter, 1970; Kamil & Mauldin , 1975) , ferrets (Doty et aI., 1967) , and dolphins (Beach & Herman, 1972) . Although rats perform poorly in learning set tasks when visual discriminanda are used , research utilizing olfactory discriminanda shows that rats easily and quickly acquire learning sets (Bailey & Thomas, 1998 , 2001 Slotnick, 1984; Slotnick, Hanford, & Hodos, 2000; Slotnick & Katz, 1974; Slotnick, Kufera, & Silberberg , 1991; Thomas & Noble, 1988) .
There have been relatively few investigations of the retention of a learning set. Investigations with rhesus monkeys have shown that primates are able to maintain high percentages of correct (> 80%) and better than chance performance on Trial 2 following breaks in testing ranging between 7 and 30 weeks (see Braun, Patton , & Barnes, 1952; Chow, 1954; Strong, 1959) . Additionally, long-term retention of learning set (67% correct on Trial 2) has also been found in blue jays following a 5-month break in testing (Kamil, Lougee, & Shulman, 1973) . Such performances on Trial 2 following extensive breaks in training in both species examined suggests that learning set once acquired remains in long-term memory.
Apparently, long-term retention of olfactory learning set in rats has not been examined . It was investigated here. To establish a learning set, the rats were first trained on a series of odor-unique discrimination problems and then transferred to an olfactory discrimination reversal task. Following a 6-week break with no additional training, the rats were retested on 20 new odor-unique discrimination problems. It was hypothesized that rats would acquire and retain a learning set by demonstrating above chance performance on Trial 2 across a series of olfactory discrimination problems both before and after a 6-week break in training .
Method

Subjects
Six male Sprague-Dawley rats were purchased from Harlan (Indianapolis, Indiana) and were housed individually in 25.4-cm (length) x 20.3-cm (width) x 18-cm (height) metal cages. The rats were 80-90 days old when purchased. Rats were maintained in a temperature controlled room and kept on a reverse light dark cycle where the dark phase was between 9:00 a.m. and 9:00 p.m. local time. All testing was conducted during the dark phase. All rats were given a 3-day adjustment period to the home condition following their arrival from shipment and were handled and weighed daily.
The rats were gradually introduced to a food deprivation regimen (details provided on request) and were eventual ly fed a minimum of 20 grams of food (Prolab; Brentwood , MO) a day. Each rat was weighed daily and compared to a normal growth weight curve for its species and variety. If the rat's weight deviated by more than 10% from the normal weight curve, then the amount of food given was increased to maintain the rat's weight. The rats were given unlimited access to water throughout the training and testing periods.
The animals were about 90 days old at the beginning of discrimination training and about 220 days old at the beginning of the retention test. Maintenance and use of the rats met the policies and procedures recommended by the American Psychological Association 's ethical standard for use of animals in psychological research.
Apparatus and Stimuli
The testing apparatus and stimuli have been described in detail previously (see Bailey & Thomas, 1998) . BriE3fly, the apparatus had two compartments: a holding chamber (HC) for the rat and a stimulusreinforcement chamber (SRC). The sides and the top of the HC were constructed of wood and painted black. The floor of the HC was constructed of stainless steel rods spaced 1.25 cm apart across the width of the chamber. The dimensions of the HC were 31 cm (length) x 29 cm (width) x 20 cm (height). A guillotine door separated the HC and the SRC.
The SRC was constructed of wood and painted medium gray with inside dimensions of 29 cm (width) x 20 cm (height) x 13 cm (length). The SRC contained a stimulus tray which could be reached by the rat when the guillotine door between the HC and SRC was raised . The stimulus tray had three food wells with diameters of 2.5 cm and depths of 0.5 cm . Each food well was covered by a small medium-gray board (3.5 cm x 22.5 cm x 0.5 cm) that could slide back and forth to cover or uncover the food well. The cover boards enabled all food wells to be baited such that access to food rewards was allowed only when appropriate. The cover boards contained a small indentation centered over the food well to hold the discriminanda in place until it was nudged aside by the rat.
The discriminanda were odor-bearing ping··pong balls. To prepare the ping-pong balls with the odors, one-quart Mason brand , food-storage jars were used to hold the balls and the odoriferous substances. Seven drops of an odoriferous substance were placed at the bottom of the jar and a wire screen was placed between the odoriferous substance and the ball to avoid direct contact of the liquid with the ping-pong balls. Two ping-pong balls were kept in each jar and the odoriferous substance was replenished as necessary. Eighteen odoriferous substances we re used. Eleven were the following McCormick brand food flavorings: almond, anise, banana, brandy, coconut, lemon , orange, pineapple , rum , strawberry, and vanilla. Five were Durkee brand food flavorings: black walnut, cherry, chocolate, peppermint, and root beer. Two were Kroge r brand food flavorings, butter and maple.
Procedures
Pretraining procedures. All behavioral training and testing was conducted in a darkened room illuminated only by a red light to enable the experimenter's vision. The pretraining procedures have been described in detail previously (see Bailey & Thomas, 1998) . Briefly, over the course of 16 days the rats were gradually trained to locate the food reward (under the board-covered food wells). To gain access to the food reward, the rat must nudge a ping-pong ball aside.
Following the 16th pretraining day, the animals were given two different, randomly selected odor-saturated balls. Add itionally, one of t he two odors was randomly selected to be the correct odor. Placement of the correct odor over either the right or the left food well was determined quasi-randomly using the Fellows (1967) series. The rat had to displace the correct ball in order for the experimenter to slide back the board that covered the food well and expose the reinforcers (two regular 45-mg food pellets, Noyes precision pellets, P. J. Noyes, Lancaster, NH). The rats were given 10 trials a day until they made 8 out of 10 choices correctly for 2 successive days (80% criterion). In the event of an error, the trial was readministered until the correct choice was made or until a total of five such correction trials had been given. After reaching the 80% criterion, the rats were given a new odor-unique discrimination problem and were again given 10 trials a day until they reached 80% correct for 2 successive days. Five such pretraining problems were given. Note: Throughout the entire study presented here, the SRC was thoroughly cleaned with Quatracide spray (Pharmacal Research Laboratories Inc.; Naugatuck, CT) prior to the presentation of a new discrimination problem and prior to testing a different animal.
Olfactory discrimination learning set acquisition. Following pretraining, the rats were given the olfactory discrimination learning set formation task. Three ping-pong balls were used; two balls had the same odor and the third ball (representing oddity) had a different odor; the two odors were selected randomly from the set of available odors. The odd odor was considered the correct choice. The three-ball procedure was used to examine both learning set formation (the main goal) and potential oddity concept use, both of which can be assessed concurrently with this procedure. If a rat responds to the odd odor at better-than-chance on the first trial of each new problem, it shows evidence of using the oddity concept. However, if the animal does not show evidence of using the oddity concept, it may still show evidence of acquiring a learning set by responding better-than-chance on Trial 2.
The position of the correct-choice, odd ball (the one with the different odor), was limited to the left or right food well , and its position on a given trial was determined by the Fellows (1967) series. The rat had to displace the odd ball in order for the experimenter to slide back the board that covered the food well and expose the reinforcers (two regular 45-mg food pellets) . All three food wells were baited to control against use of odor cues from the food reinforcers per se. In the event of an error, the trial was readministered until the correct choice was made or until five such correction trials had been given.
The subjects were given one odor-unique problem with 10 trials a day. Thirty odor-unique problems were given. The odors used for each of the 30 problems were randomly selected from a random number list except that no odor was repeated as odd or non-odd on successive problems. Although odors were repeated, the fact that one odor might be correct on one problem and incorrect on another prevented a consistent association of a particular odor with reinforcement.
Olfactory discrimination reversal. Following learning set acquisition the rats were tested on discrimination reversal learning set to investigate transfer of learning set. Following traditional methodology, only two pingpong balls, each with a different randomly selectE3d odor, were used here. The position of the two balls was limited to the left and right food wells and the position of the "correct" odor was determined by the Fellows (1967) series. Both outer food wells were baited to control for possible odor cues from the food reinforcers. Ten trials per day were administered. In the event of an error, the trial was readministered until the correct choice was made or until five such correction trials had been given .
The subjects were given one discrimination problem at the rate of 10 trials per day until a criterion of 8 correct responses out of 10 was seen across 2 successive days. The subjects were given the reversal problem the day after reaching criterion; that is, the previously incorrect odor became the correct choice. The animals were then again 'given 10 trials a day until obtaining 8 correct responses out of 10 across 2 successive days in which the correct odor was again reversed. Overall 14 reversals were given.
Learning set retention. The retention test for learning set began 6 weeks following the end of discrimination reversal testing. During the 6 weeks the animals were maintained on a diet of 20 g of food. They were weighed and handled daily but they received no additional training. The retention test followed the same procedures outlined in the learning set acquisition section above. Twenty new randomly selected odor-unique discrimination problems were given. Because of the high percentages of correct performance seen during the earlier learning set acquisition, (a) only 5 trials per problem, instead of 10, were administered during the retention test and (b) 2 odor-unique problems, each with 5 trials, were administered per day during the retention test.
Results
All animals demonstrated use of learning set in both the olfactory discrimination learning set task and the discrimination reversal learning set task as measured by above chance performance on Trial 2. Additionally, all animals showed strong retention of the learning set following a 6-week break from testing by performing above chance on Trial 2 on a set of 20 new odor-unique olfactory discrimination problems. These results indicate the long-term retention of olfactory learning set in rats. 
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Trial I Trial 2 Trial 3 Trial 4 Trial 5 Figure 1 . Mean (± SO) percentage of correct responses on each of Trials 1-5 for the original 30 olfactory discrimination acquisition problems and the 20 olfactory discrimination retention problems. The rats performed significantly better than expected by chance on Trials 2-5 (all ps < .001) in both the acquisition and retention tests.
correct on each trial differed significantly from chance. Because the odd (correct) discriminandum appeared only in the two outer food wells and because only two odors were presented, the more conservative estimate of chance, namely 50%, was used. Binomial approximations indicated that the animals performed significantly better than expected by chance on Trials 2-5 (all ps < .001). The animals did not respond significantly better than expected by chance on Trial 1 suggesting that the animals were not using the concept "odd" in this task. However, above chance performance on Trial 2 indicated that the animals acquired a learning set.
Olfactory Trial 2 performances on the initial 30 problems were examined in successive blocks of 10 problems to assess the development of learning set. The percentage correct for each block of problems was analyzed using the binomial approximation to determine if responding differed significantly from chance. The animals performed significantly better than expected by chance on Block 2 (M = 78.33%, SO = 9.83, P < .01) and on Block 3 (M = 85 %, SO = 10.49, P < .01; see Figure 2) . A repeated measures ANOVA indicated that there was significant improvement in the percentage correct over the three blocks of problems, F(2, 10) = 5.32, P = .027. Planned comparisons indicated that the animals performed significantly lower on Block 1 (M = 63.33%, SO = 13.66) than Block 2 (M = 78.33%, SO = 9.83), t(5) = 3.0, P = .03. However, performance on Block 1 was not Significantly different from Block 3 (M = 85 %, SO = 10.49), t (5) = 2.48, P = .056. There was no significant difference between Blocks 2 and 3, t(5) = 1.805, P = .328. Olfactory discrimination reversal. Performance on the discrimination reversal task was assessed by examining the trials to criterion on each reversal problem and by examining Trial 2 performances. Mean numbers of trials to criterion indicated improvement over successive reversals (see Figure 3) , but a repeated measures ANOVA indicated that this improvement was not significant, F(14 , 56) = 1.617, P > .05.
Trial 2 performances, which may provide a more meaningful measure of learning set formation, were also examined for the reversal task. A binomial approximation indicated that the animals' performances on Trial 2 (M = 74.83%, SO = 10.62) were significantly better than expected by chance (p < .001) indicating use of a learning SElt.
Learning set retention. Overall performance on the retention test was examined by using the percentage correct on Trials 1-5 across the 20 new problems given (see Figure 1) . Binomial approximations indicated that the animals performed significantly better than expected by chance on Trials 2-5 (all ps < .001). As was seen during the initial acquisition problems, chance performance on Trial 1 followed by abovEl chance performance on Trial 2 indicated retention of the use of a learning set.
Trial 2 performances in the retention test were also examined in blocks of 10 problems. Binomial approximations indicated that the animals performed significantly better than expected by chance on both Block 1 and Block 2 (ps < .001; see Figure 2 ). There was no significant difference in the percentage correct on Block 1 (M = 81.67%, SO = 7.53) and on Block 2 (M = 86.67%, SO = 8.16) , t(5) = -1.46, P = .203. These results also show that the rats had retained well the original acquisition of the learning set.
Finally, comparisons were made between the percentage correct on Trial 2 from the acquisition and retention phases. The animals performed significantly higher on the first block of problems during the retention phase (M = 81 .67%, SO = 7.5) than on the first block of problems during the acquisition phase (M = 63.33% , SO = 13.66) , t(5) = -3.38, P = .02. The performance on the first block of 10 problems during the retention phase was not significantly different than the last block (M = 85% , SO = 10.49) of problems during acquisition, t(5) = 0.466, P = .661 , indicating the strong maintenance of learning set over the 6-week break.
Discussion
The above chance performance on Trial 2 on the original discrimination problems indicates that rats acquired an olfactory learning set. In addition , the rats were able to transfer learning set formation to a discrimination reversal task as indicated by the few trials to criterion needed per reversal and by the significantly higher performance than expected by chance on Trial 2. Finally, following a 6-week hiatus the animals still performed significantly better than expected by chance on Trial 2 on a new set of odor-unique problems indicating the long term retention of olfactory learning set in rats.
The performance of the rats across the 30 initial discrimination problems was similar to previous reports of olfactory learning sets in rats (see Bailey & Thomas, 1998 , 2001 ) where performance on Trial 1 was at chance levels while the percentage correct across the remaining trials was significantly better than expected by chance. Although the overall Trial 2 performance (76.1 %) was significantly higher than expected by chance, when examined in blocks of 10 problems the rats did not perform significantly better than chance on Trial 2 until Block 2 (Problems 11-20) . The performance on Block 1 was high (63.33%) which suggests that the animals may have begun to form the learning set hypothesis during these initial problems. However, the performance was not significantly better than chance until Block 2 indicating that the rats required exposure to several problems (> 10) to form and use learning set. Other research using rats has also found that exposure to several problems is required to form a learning set (Slotnick et aI., 2000) . The necessity to present several discrimination problems to rats in order to demonstrate use of a learning set corresponds with Harlow's (1949) original definition of a learning set in which an animal "learns to learn efficiently" over a series of similar experiences.
The rats here also transferred the learning set to the discrimination reversal paradigm. The animals performed at 74.83% correct on Trial 2 across each of the reversals indicating transfer of the use of learning set in these animals. Additionally, the first problem (odor-unique) given in the reversal task required a mean of 25 trials to reach criterion for the 6 rats which also indicates that the rats learned this new discrimination problem quickly. As expected with reversal learning, (a) there was a small increase in the trials to criterion (M = 36.67, SO = 27.33) on the first reversal and (b) as expected for mammals and birds (Bitterman, 1965) , trials to criterion decreased on the remaining reversals. However, the decrease in trials to criterion across the 14 reversals was not significant. The lack of significant improvement is likely caused by the high performance of the animals on the original discrimination problem (M = 25 trials to criterion). Therefore, there was little room for improvement. Regardless, the improvement from 25 to an asymptote of 20 trials to criterion across the reversal problems, along with the significantly better than expected by chance performance on Trial 2 (74.83%), indicated use of learning set.
The decrease in trials to criterion was to an asymptote of 20, which shows near errorless learning in the rats. O'Grady & Jennings (1974) have also reported near errorless performance in rats over several olfactory reversals following training on a visual discrimination task. However, Slotnick et al. (2000) reported that their rats did not show an obvious transfer on one olfactory reversal problem following olfactory discrimination training although they indicated that their experimental rats (which had exposure to several olfactory discrimination problems) did show an advantage over control animals (which had repeated exposure to only one discrimination problem).
Rats often show a substantial rise in trials to criterion on the first reversal given (see Dufort, Guttman, & Kimble, 1954; Mackintosh & Holgate, 1969; North, 1959) . However, the ani'mals here did not show a large rise in the first reversal although this may be caused by the large amount of olfactory discrimination training that our animals had already received. It should be noted that Nigrosh, Slotnick, and Nevin (1975) showed positive transfer (a decrease in trials to criterion) on the first reversal of an olfactory discrimination problem in rats that had previous olfactory discrimination training. These two studies may indicate the unique nature of olfactory stimuli in rats as the other investigations mentioned above used nonolfactory stimuli. The rats showed remarkable retention of the learning set rule performing 84.2% correct overall on Trial 2 following a 6-week break in training. Their high performance on Block 1 (81 .. 67%) indicates that they did not relearn the learning set rule but applied it immediately based on their previous training to the new discrimination problems. These findings demonstrate that rats are able to maintain a learning set in long-term memory and apply it to future problems.
The performances of the rats here is similar to that seen in other investigations of the retention of learning set with primates and blue jays. Both primates (see Braun et aL , 1952; Chow, "1954; Strong, 1959) and blue jays (see Kamil et aL, 1973) showed high percentages of correct responses on Trial 2 following breaks in training ranging from 7 to 30 weeks. It remains to be seen if rats can maintain performance on Trial 2 following a more extensive (30-week) break.
In conclusion , the significantly better than expected by chance Trial 2 performance on a set of odor-unique discrimination problems following a 6-week break in training suggests that olfactory learning set is a longterm cognitive process in rats. The acquisition of learning set has been used for several years as a measure of cognitiv, e processes in rats (see Bailey, Rudisill , Hoof, & Loving, 2003; Bailey & Thomas, 2001 ; Lovelace & Slotnick, 1995; Lu & Slotnick, 1990; Nigrosh et aL , 1975; Slotnick, 1984) . With evidence that rats can maintain this relatively complex cognitive process over time, behavioral neuroscientists and neuropsychopharmacologists now have another useful behavioral measure to investigate memory processes in rats .
